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"BiFUNCnONAL AND MONOFUNCTIONAL PERFLUOROPOLY ETHERS. 
HAVIN0 BROMINATED END GROUPS AND A CONTROLLED MOLECULAR 
■ WEIGHT" ■ 



BACKGROUND OF THE INVENTION. 

This invention relate.s to new perf luoropolyethers having a 
Br atom bound to one or bothr the end groups of the chain. 

More in particular this invention relates to new mono- or 
bifunctional perf luoropolyether s having a controlled molecu- 
lar weight and consisting of units chosen from amongst 
(C^F^O) (CF2O) (C3FgO) and (CFO) statistically distributed 
along the ^'^^^3^ perf luoropolyether chain, 

A further object of the present ^ invention Is that of pror 
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vlding a process for preparing the abovesald perf luoropoly- 
ethers with brominated end groups and having a controlled 
molecular weight by a method which is easily practicable on 
a commercial scale and is capable of providing ftigh yields 
of brominated product. 

It is known that the reaction of oxygen with tetraf luoro- 
ethylene and/or perf luoropropene. carried out at a low tem- 
perature in the presence of UV radiations and in an inert 
solution, generally a fully fluorinated compound or a chlo- 
roflQorlnated compound, leads to a perf luoroether product 
hashing a peroxide oxygen content which varies as a function 
of the operative conditions under which the photooxidation 
has been effected. 

The process and the peroxidic products are disclosed for 
example in SB i. 226, 556 and 1.104,482. 

ine thermal decomposition of the peroxide which is carried 
out in order to remove peroxide bridges, leads to high mo- 
lecular weight perf luoropolyethers containing neutral end 
groups of the type -CFg. -CF2CF3 and acylic end groups of 
the type -OCF^COF, 

Actually, the thermal decomposition reaction of the peroxide 
product for providing the neutral perf luoropolyefeh er gives 
rise to radicals of the type R^O.CFg (Rf being a perfluoro-- 
ether chain) which react with one another, thus leading 
always to perf luoropolyethers having a high and non-control- 
led molecular weight. 

Generally, in order to obtain low molecular weight per- 
fluoro poly ethers, the thermal decomposition of the per- 
oxidizad perf luoroether product Is accomplished in the pre- 
sence of chain end groups. 
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The resulting perf luoropoly^thers are not. completely neutral 
and may contain small fractions with end groups deriving 
from the chain end group employed. 

Furthermore, by operating in this manner, it is not possible 
to correctly control the molecular weight of the perfluoro- 
polyethers free from peroxide bridges* 

The decompositions of the peroxidlzed precursors is usually 
carried out by means of a heat treatment carried out in a 
wide temperature range, generally from about 100'=^C up to high 
temperatures, preferably from 180° to 250^C- 



THE PRESENT INVENTION. 

It has now surprisingly been found that it Is possible to 
prepare new or bifunctional perf luoropolyethers with 
brominated end groups and a controlled molecular weight and 
with high yields if the treatnrent of the peroxidlzed pre- 
cursor, having a proper peroxide oxygen content as a function 
of the desired molecular weight of the final product, is con- 
ducted unter suitable conditions* 

The new perf luoropolyehters with brxjminated end groups 
according to the invention have the general formula: 



3'n 

wherein m,<.n, £ and. r- are integers from 0 to 50, m+n+p+r being 
at least Z, and wherein. A and B," equal or different between 
them, are end groups, chosen from the class: 



-CF.X.-CF.CF.X.-CFX.-CF^CFX.-COF, -CF^COF ,-CrCOF 
iF3 CF3 
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wherein X is Br or F, and at least one of the groups A and B 
contains a bromine atow- 

The perf liforo-Qxyalkylene units of general formula (I) are 
statistically distributed along the perf iuoropolyether chain - 

The process according to the invention for preparing mono- 
or bifunctional perf luoropolyethers with high yields, consists 
in subjecting.. a peroxidized perf Iuoropolyether, obtained from 
the phqtooxidatlon of tetraf luoroethylene and/or perfluoro- 
propene, having a predeterminated peroxide oxygen content, to 
photolysis with UV radiations, in liquid phase, in the pre- 
sence of bromine at temperatures ranging from -40** to 130*C. 
either or not in the presence of a completely fluorinated or 
chlorofluorinated inert solvent, the liquid reaction medium 
being fully saturated with bromine. 

The product resulting from the photooxidati on which contains 
peroxide bridges, can be utilised as such if the peroxide 
oxygen content is already at the value suitable for obtaining 
the desired molecular weight of the final bromlnated per- 
fluoropolyether. 

Should the peroxidized precursor have a higher peroxide oxygen 
content than desired, then it is subjected to thermal treat- 
ments according to conventional techniques such as the ones 
described in the above-mentioned British patent. 

The term peroxide oxygen content [P,0,) means the .amount in 
grams of activated oxygen referred to 100 grams of perfluoro- 
po I'y ether - 

The average molecular weight of the bromlnated perf Iuoro- 
polyether is directly related to the peroxide oxygen content 
of the starting perf Iuoropolyether - 
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In fact. In correspondence of the peroxldic bridges, during 
the brominatlon according to the invention, occurs a cleavage 
of the peff luoropolyether chain: consequently the reduction 
of the average molecular weight is proportional to the per- 
oxidic bridges in the chain. 

The solvent utilized in the bramlnation reaction is any fully 
fluorinated or', as an altern^ative, chlorof luorinated compound 
which is inert in the reaction conditions and does not contain 
unsaturations . 

As solvents, useful' to the purpose there may be cited, for 
example, the perf luorocarbon or the f luorocarbons- 

To prepare .bromine-saturated solution » it is generally operated 
having the bromine present as a botton body in the reaction 
apparatus* 

The preferred reaction temperature is in the range of from 60° 
to laO'^C. more preferably from 90^ to 110** C. 

In fact, by operating under the above-cited conditions it is 
possible to obtain very high yields of brominated perfluoro- 
polyethers; therefore it could be assumed that the radicals 
which form from the peroxide decomposition, completely react 
with bromine* providing only end groups of the type -CFgBr, 
or -CFBr, 

If there is only one peroxirdic bridge in the starting per- 
f luoropolyether chain, the obtained products shall be pre- 
vailing by fflonobroininated compound. If there are many per- 
oxidic bridges in the starting perf luoropolyether chaln> the 
obtained products shall be prevailing formed by dibrominated 
compounds. 
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If it is operated at higfisr temperatures than 130°C, the 
perf laoropolyethers according to the invention are still 
obtained, however, they contain only very low percentages 
of brominated, in particular of dibrominated perfluoropoly- 
ethers- 

By the process of the present invention it is possible to 
prepare both high molecular weight perf luorobrominated com- 
pounds and low molecular weight perf luorobrominated com- 
pounds, depending on the peroxide oxygen content of the 
starting precursor, or by acting on the temperature at which 
the photolysis of the initial peroxide is carried out. 

In fact, the high molecular weights are obtainable by 
operating at temperatures from -40° to SCC. while low mo-- 
lecular. weight brominated pert luoropolyethers are obtainable 
in a temperature range of from 80" to 130 "C. 

The brominated products according to the invention can be- 
obtained also by carrying out the broraination in the high 
temperature range, in absence of U.Y. radiations. In this 
case, however, the yield of brominated perf luoropolyether is 
very low and such a process could not have any interest from 
a technical point of view. 

Furthermore it has been found that by the simple heat treat- 
ment it is not possible to obtain perf luoropolyethers with a 
controlled molecular weight depending on the peroxide content 
of the starting perf luoropolyether. 

The process indicated hereinbefore permits to overcome all 
the abovesaid drawbacks. In fact, the new brominated perf luoro- 
polyethers of the invention are obtained by an utmostly 
simplified process with very high yields and With a molecular 
weight regulated as a function of the peroxide content of the 
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starting peroxidized perf luomopolyether. 

The following examples are given merely to illustrate the 
present invention without limiting, howev&r, the scope and 
applicative modalities thereof. 

Example 1 

Into a cylindrical photochemical reactor having a maximum . 
capacity of 300 ml, with an optical path of. 0,5 cm, equipped 
with a coaxial quartz sheath for housing a mercury vapour 
lamp type Hanau TQ 150 or a noble gas discharge lamp, for 
example a Xenon lamp type PEK INC. X-75, equipped with a 
magnetic stirrer, a reflux dropping device, a COgtrap and a 
thermoregulation system far both the reactor and the sheath 
system, there were introduced 430 g of perfluoYopolyether 
obtained from tetraf luoroethylene having a peroxidic oxygen 
(P.O.) content of 1.04X by weight, a viscosity of 9500 cSt 
(at 20°c), an average molecular weight of 39930 and a m/n 
ratio, determined through NHR (^^F) analysis, equal to 0,8. 
5 ml of bromine were added, the whole was mixed and the 
temperature was brought to about 100*C. Subsequently, after 
switching on of the lamp, 20 ml of bromine were added during 
the test which lasted 14 hours. At the conclusion of the test, 
the reaction mass was discharged into a flask and bromine was 
distilled under vacuum. 

Obtained were 390 g of a product having a viscosity of 20 cST 
and practically free from P.O., and having average molecular 
weight (PM) of 3550 such product exhibiting, on NMR (^^F) 
analysis, the following structure: 




with a m/n ratio = 0.8, analogous with the one of the starting 
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prpduct. 

Thfe chemical shifts of the brominated end groups (J , ppm; 
CFCl*,) were, respectively: 

19.9 ppm 
18*4 ppm 

The^prdduct yield in bromtnated products was equal to 96X with 
respect to 4% of neutral product of formula: 

where R und* equal or different from each other, may be 
-CFg and -CF^CFg, 

Example 2 

Into the photochemical reactor of example t there were intro- 
duced 125.3 g.bf ,f luoropolyether obtained from tetrafluoro- 
ethylene having a P.O. of 1-04% by weight and a viscosity of 
9500 cSt, along with 280 g of the throughly fluorinated sol- 
vent 1,2-perf luorodiraethyl cyclobutane. 

After mixing of the mass, 2 ml of bromine ware added and the 
temperature was brought to O^C. 

Subsequently, after switching on of the lamp, further 6 ml 
of bromine were added during the test which lasted 20 hours, 
, At the conclusion of the test* the reaction mass was dis- 
charged into a .flask and the bromine as well as the solvent 
were distilled under vacuum* 

Obtained were 109 g of product having a viscosity of 32 cSt 
and being practically free from P. 0,, having PM of 4530 such 
product exhibiting, on NMR (^^F) analysis, the same structure 



-OCF^OCF^Br 
-OCFgCF^OCF^Br 
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as the dibrominated product of example U 
Example 3 

Into a 200-dc flask Equipped with a stirrer, a thermometer, 
a cooler and a dropping device, 100 g of perf luoropolyether 
obtained from tetraf luoroethylene. having a P.O. equal to 
U2% by weight, viscosity of 5300 and PM of 31300 were intro- 
duced* The reactor temperature was brought to 150°C and 8 ml 
of bromine were added at regular intervals during 5 hours: 
subsequently the temperature was brought-- to 210^C and the 
mixture was refluxed during additional 5 hours. At the end 
of the test, bromine was removed under vacuum, so obtaining 
79 g of a product having a viscosity of 17 cST, and PM of 
4300 which, on NHR (^^F) analysis, revealed to have practical- 
ly the same structure a5 the dibrominated product abtained in 
example 1, but with a yield equal to 5% with respect to 9556 
of completely fluorinatd neutral product* 

Example 4 

120 g of perf luoropolyether of example 3 obtained from tetra- 
f luoroethylene, having a P.O. equal to l,2X by weight, were 
introduced into the flask of example 3. The reactor temperature 
was brought to IBO^'C and 8 ml of BrjWere added during the 
5-hour test; subsequently the temperature was raised to ISO^C 
and the whole was allowed to react during additional 5 hours. 
At the conclusion of the test, bromine was removed under 
vacuum and 93 g of a product having a viscosity of 21 cSt were 
obtained; such product, subjected to NMR (^^F) analysis .proved 
to have practically the same structure as the dibromlnated 
product obtained in example 1, but with a yield equl to 4.5% 
with respect to 95.5% of completely fluorinated neutral product. 

Example 5 

. 420 g of perf luoropolyether obtained from tetraf luoroethylene 
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with a P.O. of by weight, a viscosity -of U400 cSt and a 

molecular weight of were introduced into a photocherat- 

cal reactor similar to the one described in example t. 

After switching on of the lamp and maintaining a temperature 
of lOCC, 25 ml of bromine were added during 18 hours. At the 
conclusion of the test there were obtained 345 g of a product 
having a viscosity of 7 cSt and PM of 2600 with a yield of 
dibrominated product equal to 96. 5« besides 3.5« of neutral 
product. 

■Example 6 

Under the same conditions of examples 5 and using the same 
perfluaropolyether. but at a temperature of 60 "C. there were 
■obtained 3S0 g of a product having a viscosity of 45 cSt and 
an anverage molecular weight of 5250. 

The'% amount of dibrominated product was higher than 85%. 



1 



Example 7 

Under the same conditions and using the same perf luoropoly- 
ether of example S. but operating at a temperature of 120 'C. 
there were obtained 330 g of a perf luoropolyether with a vis- 
cosity of 10 cSt and a molecular we.ight of 3000 ; in this case 
the dibrominated product amount was equal to 74%. 

Example 8 

A peroxide perf luoropolyether obtained by photochemical 
oxidation of tetraf luoroethylene. having a mean molecular 
weight of 24500 and a peroxide content equal to 0,9% by 
weight, was reduced by means of a thermal treatment at a tem- 
perature of t60"C during 5 hours till obtaining a product 
having an average molecular weight of 18000 and a peroxide 
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oxygen content equal to 0.35% by weight. 

400 g of such product were placed into a photochenical reactor 
similar to the one described in example 1 and were Irradiated 
in the presence of Br^ (7 ml) during 10 hours at a temperature 
of tOO^C. 

After removal of Br^ under vacuum^ there were obtained 380 g 
of a product having a viscosity of 65 cSt and a content of 
products with brominated functionalities equal to 95% by 
weight. 



Example 9 

Into the photochemical reactor of example 1 there were intro- 
duced 400 g of perf luorpolyether obtained front C^Fg, having 
a peroxidic oxygen content {P-0-) of 0,7% by weight and a 
molecular weight of, 255Q. (osnraTiretrtc- measure ). 

Subsequently 10 g bromine are added and the temperature is 
raised to 100°C. After switching on the lamp further bromine 
was added during the test (20 9 during 15 hours)* At the end 
of the testy the reaction mass was discharged into a flask and 
residual brooilne was distilled under vacuum. 

The obtained product (395 g) showed an average molecular weight 
of 1220, was practically free from P*0, and contained bromi- 
nated end groups -CFgBr and -CF6r in amount equal to a bro- 
minated end group ' for each perf luotopolyether 
chain, the other end ^'^3 group being of the type; 

-QCF^> -OCF-COF or -0-C 

CF3 

Example 10 

Into a photochemical reactor having capacity of 1000 ml and on 
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optical path of 2 cm equipped with coaxial quart sheats for 
housin .a mercury vapour lamp type Marian TQ ISO with traps 
and thermoregulation system suitable for maintaining the tem- 
perature at -40-C, were introduced 1000 g of perf luo "opropene- 
After switching onthe lamp, a mixture 0^ + C^f^ in molar 
ratio of 192 1/h (measured at atmospheric pressure). After 
150' ttte lamp was switched off and 380 g of a perf luoropoly- 
ether having P.O. equal to 3.23« and viscosity of 1064- cSt 
CZO^C). 

From the NMR analysts it came out that the structure consists 
of c,F-0 units randomly alternated with CFgCI^^O and CF^O units and 
of peroxldic units. 

The reduction of the peroxidic oxygen content was obtained 
by subjecting the product to the irradiation of a U.V.lamp. 
in the reactor used In example 1 and maintaining, the tempera- 
ture at 0'»C. 

After 18 hours, the P.O. content was and the molecular 

weight of the product was 2780. 

In the same reactor was carried out the brominatlon reaction 
at t00°C, by introducing 10 g bromine at the beginning and 
then furt.her 40 g during the following 30 hours. Peroxidic 
oxygen was otnpletely eliminated. 

After removal of excess bromine. 340 g of perf luoropo lye ther 
were obtained, of average molecular weight 1050, having bro- 
mlnated end groups -CFBr and - CF^BR 

CF3 

near neutral end groups of the type -OCF3 and acid end group 
of the type -OCF - COF and -O-C^^ . 

The functionality of the product, expressed as ratio between 



PAGE 37IS2'RCVDATOj2l)(l611:21:46 AM [Eastern Daylight Time]^^ 



JUN. 30. 2006 11 :26AM 3029924773 DUPONT PAT REC CTR NO. 7601 P. 38 

13 0195946 



brominated end groups and number of perf luoropolyether chains 
is 1.3. 
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WHAT IS CLA.IMED IS: 

1) Perfluoropolyethers of general formula; 

3 n 

vffierain_.nt, r. £ and p are Integers from 0 to 50. m+n+r+p 
being at least Z, and wherein k and B. equal or different 
between them, are end groups chosen from amongst: 

-CFjjX.-CF^CF^X.-CFX.-CFg.CFX.-COF.-CF^COF.-CFCOF 
CF3 CF3 CF, 



wherein X is fluorine or bromine, and at least one of the 
groups A and B contains a bromine atom, the perflaoro,- 
oxyalkylene units being distributed randomly along the 
per'f luoropolyether chain. 

■ 2) A process for pY'eparing the perf luoropolyethers according 
to claim 1. consisting in photolysing with UV radiations 
the pro-duct obtained from the photochemical oxidation of 
C^F^ and/or C3Fg in the presence of bromine at a tempera- 
ture ranging from -40° to ISO'C, the bromine being at 
such concentrations as to saturate the liquid reaction 
medium. 

The process according to claim 2, in which the treatment 
with bromine is carried out at a temperature from 90" to 

The process according to claim 2. in which the treatment 
with bromine is carried out at a temperature from O'* to 
80 "C. 



3) 



4) 
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5) The process according to claim 2. characterized in that, 
in order to obtain a final product having a controlled 
molecular weight, the product of the photooxidation of 
C^F^ and/or C3F5 is subjected to a thermal treatment Jn 
order to reduce the peroxide oxygen content to a value 
pre-established as a function of the desired molecuUr 
weight of the final product. 

6) The process according to claim 2, characterized in that 
the UV-radiation photolysis of the oxidation product of 
C2F4 and/or CgFg with bromine is aecomplished In the pre- 
sence of fully fluorlnatsd Inert solvents. 
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